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(54) TiUe: COMPOSITION AND METHOD FOR IMPROVED INK JET PRINTING PERFORMANCE 
(57) Abstract 



This invention relates to a composition useful for surface treating a sheet substrate for ink jet printing, the composition comprising 
a salt of a divalent metal, the salt being soluble in an aqueous sizing medium at about pH 7 to about pH 9. the aqueous sizing medium 
further comprising a carrier agent and a sizing agent It also includes a method of making an ink jet printing substrate capable of retaining 
indicia formed by ink jet printing using pigmented ink, the method comprising surface treating the substrate with an aqueous sizing medium 
containing a divalent metal salt A mediod for improving print quality of ink jet printing of pigmented ink on a surface treated substrate 
made using the composition or method is also disclosed, as is the paper so made, with and without ink jet printed pigmented ink applied 
thereto. Indicia printed thereon will have improved print quality characteristics. 
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TITLE 

COMPOSITION AND METHOD 
FOR IMPROVED INK JET PRINTING PERFORMANCE 



BACKGROUND OF THE INVENTION 
5 The present invention relates to compositions for surface treatments 

for substrates, such as paper and polymeric plastic material used for Inkjet printing, 
as well as methods for making the printing substrates, the treated printing substrate 
itself, methods of enhancing Inkjet printing, and ink jet printed printing substrates. 

In today's commercial, business, office and honie environments, 
10 paper is commonly used for multiple purposes, such as reprographic copying, laser 
printing, ink jet printing, and the like. Specialty papers have been developed for 
each type of application, but as a practical matter, a multipurpose paper suitable for 
all such uses is desirable. Of the above-indcated uses, perhaps ink jet printing has 
the most demanding requirements, since the ink is printed wet and must provide 
15 good print quality and dry quickly, properties which are often difficult to achieve 
together. 

Much of the paper intended for Inkjet printing is coated with veirious 
types of special coatings, typically a layer of water soluble polymer and silica and 
other insoluble fillers, that makes the paper very expensive, especially in 
20 consideration of the desire and tendency to use the paper for other general office 

purposes, such as copying and laser printing. A typical cost per page of such paper 
is about $0.10. By comparison, uncoated paper, such as copy paper, generally sells 
for less than $0.01 per page. 

Inkjet printing has been practiced commercially only in recent years. 
25 Desk top ink jet printing is an even more recent development. Most ink jet printing 
inks, both black ink and colored inks, are dye-based inks. Use of black pigmented 
inks in desk top Inkjet printing is relatively new, dating from the introduction of 
Hewlett Packard's DeskJet® 660C printer in 1994. Desk top Inkjet printing with 
pigmented inks other than black, e.g., pigment-based colored inks, has yet to 
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become commercially available, but is expected to become comercially available in 
the near future. 

Paper is made with and/or surface treated with sizing agents 
primarily to prevent excess penetration, wicking or spread of water or ink. Many 
different types of nomeactive and reactive sizing agents are well known in the 
papeimaking industry. Paper typically made under acidic paper making conditions, 
referred to as^acid paper, is ususally sized with well-known rosin-derived sizing 
agents (referred to herein as "dispersed rosin sizing agents"), a nonreactive sizing 
agent. Some papers made under neutral and alkaline paper making conditions may 
also be sized with dispersed rosin sizing agents. The most common sizmg agents 
for fine paper made under alkaline conditions, referred to as alkaline paper, are 
alkenyl succinic anhydride (ASA) and alkyl ketene dimer (AKD). Another class of 
sizing agents useful for sizing fine paper includes ketene dimers and multimers tiiat 
are liquid at room temperature, such as alkenyl ketene dimers and multimers. These 
1 5 are reactive sizing agents, since they have a reactive functional group that 

covalently bonds to cellulose fiber in the paper and hydrophobic tails that are 
oriented away from the fiber. The nature and orientation of these hydrophobic tails 
cause the fiber to repel water. 

The growing popularity of Inkjet printers has also focused attention 
20 on the sizing requirements for paper intended for this end use application. 

The following Inkjet print characteristics relating to print quality 
have been identified by manufacturers of ink jet printers as being important to high 
quality Inkjet printing, many of which are affected by the type and treatment of 
paper or other substrate to which the ink is applied. 

OPTICAL DENSITY: Color intensity as measured by the change in 
reflectance (OI>=log j^aj/ip where Ij and 1^. = hicident and reflected light 
intensities, respectively), where high optical density is desired. 

SHOW THROUGH: Color intensity of an image that is observed 
fix>m the back side of the sheet, which can be measured by optical density. 



25 
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SPECKLED SHOW THROUGH: Often on the back side of a 
printed image there is a speckled appearance as ink finds its way through pinholes 
or areas of poor formation. 

LINE GROWTH (BLEED) (FEATHERING): The final printed size 
features versus the initial printed size, vsliich can be seen as lost resolution. It 
occurs in both single color printing and when colors are printed next to and on top 
of each other. 



EDGE ROUGHNESS (SOMETIMES CALLED FEATHERING): 
A rough versus smooth appearance of edges as ink spreads unevenly away firom the 
10 printed area. It occurs in both single color printing and when colors are printed next 
to or on top of each other. 

WICKING: Observed as long spikes of ink extending from printed 
areas such as when ink runs along a single fiber at the surface of the paper. 

MOTTLE: Unevenness of the print optical density in a solid printed 

15 area. 

BRONZING: An appearance in black printed areas of a bronze 
sheen (reddish tint). 

COLOR INDEX: The hue or shade of the printed colors or 
combined colors. In addition, with a composite black print (made with cyan, 
20 magenta, and yellow), there is often a greenish tint. 

DRY TIME: The time it takes for the ink to dry such that it will not 
smear or transfer to other surfaces. 

CASCADING: Lines of low print density that occiu* between passes 
of the print head, which is usually observed on some very highly sized papers. 
25 INSUFFICIENT DOT GAIN: Similar to cascading but shows up as 

a white area visible around dots of ink in a solid print area because they have not 
spread enough. The effect is to lower optical density. 

MISTING: Very small spots visible around the edges of printed 
areas that come firom where very small drops (mist) of ink have sprayed out firom 
30 the main print droplet. 
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It has been known to coat paper used as photocopy paper with 
materials that increase its conductivity. e.g. , treating the paper so that the paper has 
a hygroscopic inorganic salt throughout its body struchire as disclosed by Uber et 
al. in U.S. Patent 3.1 16,147; by coating with inorganic salt-resin coatings as 
; described by Cheng in U.S. Patent 3.615.403; by surface treating with a binder like 
starch and a sulfate salt as described by Green, Jr. et al. in U.S. Patent 3,884,685; or 
by surface treating with microencapsulated salts as described by Geer in U.S. Patent 
4,020,210. 

Calcium carbonate is often added to paper as a dispersed filler. 
Calcium carbonate has the disadvantage of being a relatively insoluble particulate 
solid that requires dispersing in aqueous systems. The presence of fillers such as 
calcium carbonate can lead to increased wear of equipment parts during paper 
manufacture and end-use applications. 

Calcium chloride in high concentrations with a reactive sizing agent 
have been added to paper, as a first of two coatings, tiie second of which includes 
calcium carbonate, potassium siUcatc and carboxymethylcellulose, to control bum 
characteristics such as in cigarettes, as disclosed by Kasbo et al. in U.S. Patent 
5,170,807, but such paper is not suitable for ink jet printing, and such high 
concenti^tions of calcium chloride are not suitable for preparing a paper used for 
20 printing. 

Aluminum sulfate (alum) is a common additive to many paper 
machines, generally being added at the wet end of a paper machine. Alum is added 
to rosin sizing dispersions, used as internal sizes in paper making, and the alum 
level in the rosin sizing dispersion may be as high as 66% of the solids. Alum is 
dissolved at a low pH to give cationic aluminum species. Alum will form non- 
cationic species at a typical size press pH of 8. 

Calcium chloride has been added to paper for milk carton 
appUcations. Such paper has a high basis weight, about 3 to 5 times greater than 
normal copy paper and is coated with wax. 

Sizing compositions particularly for sizing paper used in products 
with superior alkali metal or aluminum liquid storage properties include a metal salt 
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selected from zirconium, hafiiium, titanium and mixtures thereof, as described in 
Pandian e/ a/. U.S. Patent 5,472,485. 

Sizing dispersions containing storage stabilizing amounts of water- 
soluble alkali metal or aluminum inorganic salts are described in International 
5 Patent Publication WO 96/35841 of Eka Chemicals AB. usefiU as internal sizes or 
surface sizes for paper, board and cardboard. 

Paper has been treated with relatively high concentrations 0.5-5% of 
deUquescent salt such that the paper, used as a base material for a resin-coated 
laminate, does not have wavy deformations at the edges when the paper is coated on 
10 both surfaces with synthetic resin fihns, as described by Minagawa et al in U.S. 
Patent 4,110,155. 

Paper suitable for Inkjet printing with dye-based inks is described 
by Kuroyama et al. in U.S. Patent 5.522.968, Suzuki et al in U.S. Patent 5,620,793 
and Sakaki et al in U.S. Patents 5,266,383 and 5, 1 82, 1 75. 
^ ^ A method and equipment for ink jet printing with pigmented ink is 

described by Kashiwazaki et al in U.S. Patent 5,640,187. As is evident from the 
disclosures of Kashiwazaki et al, a need exists for quality ink jet printing 
performance without resorting to the use of specialty coated paper. 

The disclosures of all of the patents, published applications and other 
20 publications identified herein are hereby incorporated herein by reference. 
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SUMMARY OF THE INVENTION 
One aspect of this invention relates to a composition useful for 
surface treating a substrate for ink jet printing, the composition comprising a salt of 
a divalent metal, the salt being soluble in an aqueous sizing medium at about pH 7 
to about pH 9, the aqueous sizing medium further comprising a carrier agent and a 
sizing agent. 

Another aspect of this invention relates to a composition useful for 
surface treating a substrate for Inkjet printing with pigmented ink, the composition 
comprising a carrier agent, a sizing agent and a salt selected from the group 
consisting of calcium chloride, magnesiimi chloride, calcium bromide, magnesium 
bromide, calcium nitrate, magnesixmi nitrate, calcium acetate and magnesium 
acetate. 

Still another aspect of this invention relates to a method of making 
an Inkjet printing substrate capable of retaining indicia fomied by Inkjet printing 
using pigmented ink, the method comprising (a) surface treating the substrate with 
a composition comprising a salt of a divalent metal, the salt being soluble in an 
aqueous sizing medimn at about pH 7 to about pH 9, the aqueous sizing medium 
further comprising a sizing agent; and (b) drying the treated substrate. 

Yet another aspect of the present invention relates to a method for 
improving print quality of indicia formed by ink jet printing of pigmented ink on a 
surface treated substrate comprising surface treating the substrate using the divalent 
metal salt composition or by using the method of this invention, drying the treated 
substrate, and printing the pigmented ink onto the dried treated substrate by ink jet 
printing to form the indicia. 

Still another aspect of the invention is a printing substrate made 
using the divalent metal salt composition or by using the method of this invention, 
the printing substrate being capable of carrying indicia formed from pigmented ink 
on the dried treated substrate, such that the indicia will have at least one improved 
Inkjet printing characteristic compared to a printing substrate treated using the 
same comi>osition or method like those of this invention but without the salt. 
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DETAILED DESCRIPTION OF llffi INVENTION 
It has unexpectedly been discovered that ink jet print quality on a 
surface sized paper or other surface treated substrate can be enhanced if the 
substrate surface is treated with an aqueous sizing medium containing a divalent 
5 metal salt that is soluble therein at about pH 7 to about pH 9. The divalent metal 
salt is premixed with the aqueous sizing medium, which contains a sizing agent, 
and preferably a carrier agent, to form a composition according to the present 
invention. 

The divalent metal salts used in this invention provide imexpected 

10 and surprising improvements in ink jet printing of paper so treated of at least one, 
and preferably several of the ink jet printing quality characteristics, and particularly 
improved optical density, reduced show-through of the ink to the back side of the 
paper, and improved print quality with reduced edge roughness and line growth. 
The benefits are evidenced with the use of pigmented inks used in Inkjet printing. 

15 The benefits of this invention have been demonstrated with printing samples using a 
Hewlett Packard 660C DeskJet printer ("HP660C" printer) which uses a pigmented 
black ink. The same benefits have not been observed with a Hewlett Packard 560C 
DeskJet printer nor with an Epson 720 Stylus printer, both of which use dye-based 
black ink, rather than pigmented black ink. The benefits have not been observed 

20 with the dye-based color inks, as compared with pigmented black ink, that were 

used with the HP660C printer. As used herein, the term "pigmented ink" means an 
ink m which a black or color component is insoluble in the ink formxilation, and the 
term "dye-based ink" means an ink in which the black or color component is 
soluble in the ink formulation. 

25 The ink for which the present invention is particularly effective is an 

ink that contains an anionically charged pigment and which does not contain a 
nitrogen based dye or a dissolution aid for such a dye that is a nitrogen compound 
that releases ammonia or ammonium ion during or as a result of printing on the 
substrate, such that the substrate should contain a material for absorbing the 

30 ammonia or ammonium ion. 
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Reports in the literature confiim that the ink-jet industry is moving 
more toward the use of pigmented ink; see American Ink Maker, 75(6):60 (June 
1997). The trend in the industry toward pigment-based ink jet inks includes color 
inks, although pigmented color inks have not yet been commercialized for desktop 

5 printing applications. The general consensus in the printing industry is that 

pigment-based inks provide better permanence and better performance for printed 
material exposed to an outdoor environment, such as printed advertising or notices 
on billboards and other signage, bus stops, outdoor benches, and other outdoor uses. 
This invention is extremely beneficial because it provides greatly enhanced Inkjet 

1 0 print performance on uncoated paper and thus avoids the need to use costly 
specialty papers for quality ink jet print performance. 

Currently, providing paper with superior Inkjet print performance 
requires that the paper be coated with a layer of water soluble polymer and silica 
and other insoluble fillers. A typical cost per page of such paper is about $0. 10. By 

1 5 comparison, uncoated paper such as copy paper generally sells for less than $0.01 
per page. Such uncoated paper is normally sized internally or treated on the paper 
machine at a size press, with a typical sizing agent, along with the usual additives, 
including emulsifiers, retention aids, optical brightening agents and other additives. 

The present invention includes a composition containing, in addition 

20 to water, the soluble divalent metal salt of this invention, a sizing agent and 

preferably, a carrier agent, where the components do not result in precipitation or 
coagulation; and a method of sur&ce treating paper or other substrate with an 
aqueous sizing medium containing a water soluble divalent metal salt. The 
invention also includes improved ink jet printable and printed paper and other 

25 substrates, as well as an improved ink jet printing method. The invention is also 

usefiil for enhancing Inkjet printing on transparency films and non-cellulosic sheet 
substrates. 

The metal salt used in this invention is a divalent metal salt soluble 
in the amount used in an aqueous sizing medium, at about pH 7 to about pH 9. The 
30 aqueous sizing medium may be in the form of an aqueous soliition, emulsion, 
dispersion, or a lateix or colloidal composition, and the term "emulsion" is used 
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herein, as is customary in the art, to mean either a dispersion of the liquid-in-liquid 
type or of the solid-in-liquid type, as well as latex or colloidal composition. The 
metal salt of this invention is preferably a mineral or organic acid salt of a divalent 
cationic metal ion. The salt must be water soluble at a pH of about pH 7 to about 
5 pH 9, which includes the pH of an aqueous sizing mediiun generally used in a size 
press. The relative weight of the divalent cationic metal ion in the metal salt is 
preferably maximized with respect to the anion m the salt selected, to provide 
enhanced efficiencies based on the total weight of applied salt. Consequently, for 
this reason, for example, calcium chloride is preferred over calcium bromide. 

1 0 The water soluble metal salt may include a halide of calcitmi, 

magnesium, barium or the like, with calcium chloride and magnesium chloride 
being particularly preferred. Divalent metal salts that are effective in this invention 
are, without limitation, calcium chloride, magnesiimi chloride, magnesium bromide, 
calcium bromide, barium chloride, calcium nitrate, magnesium nitrate, barium 

15 nitrate, calcium acetate, magnesium acetate and barium acetate. Calcium chloride 
and magnesium chloride are preferred, since they provide the greatest improvement 
in Inkjet printing performance and they woric eflBciently on a cost-benefit basis. 

In the present invention, monovalent metal salts, such as sodiiun 
chloride and potassium chloride are not nearly as effective as the divalent metal 

20 salts to enhance the print qiiality of ink jet pigmented inks. The reason is not 

entirely imderstood, but it is believed that it may be due to an ineffective charge 
density. 

The divalent metal salt may be mixed with conventional 
papermaking sizing agentis, including nonreactive sizing agents and reactive sizing 
25 agents, as well as combinations or mixtures of si^ng agents. 

Many nonreactive sizing agents are known in the art. Examples 
include, without limitation, BASOPLAST® 335D nonreactive polymeric surface 
size emulsion from BASF Corporation (Mt Olive, NJ), FLEXBOND® 325 
emulsion of a copolymer of vinyl acetate and butyl aery late from Air Products and 
30 Chemicals, Inc. (Trexlertown, PA), and PENTAPRINT® nonreactive sizing agents 
(disclosed for example in Published International Patent Application Publication 
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No. WO 97/45590, published December 4, 1997, corresponding to U.S. Patent 
Application No. 08/861,925, filed may 22, 1997) from Hercules Incorporated 
(Wilmington, DE), to name a few. 

For papermaking carried out under alkaline pH manufacturing 
5 conditions, sizing agents based on alkyl ketene dimers (AKDs) or alkenyl ketene 
dimers or multimers and alkenyl succinic anhydride (ASA) sizing agents are 
preferred. Combinations of these and other paper sizing agents may also be 
employed. 

Ketene dimers used as paper sizing agents are well known. AKDs, 
1 0 containing one P-lactone ring, are typically prepared by the dunerization of alkyl 

ketenes made from two fatty acid chlorides. Commercial alkyl ketene duner sizing 
agents are often prepared from palmitic and/or stearic fatty acids, e,g. Hereon® and 
Aquapel® sizing agents (both from Hercules Incorporated). 

Alkenyl ketene dimer sizing agents are also commercially available, 
15 e.g. Precis(g) sizing agents (Hercules Incorporated). 

U.S. Patent 4,017,431, provides a nonlimiting exemplary disclosure 
of AKD sizing agents with wax blends and water soluble cationic resins. 

Ketene multimers containing more than one p-lactone ring, may also 
be employed as paper sizing agents. 
2^ Sizing agents prepared &om a mixture of mono- and dicarboxylic 

acids, have been disclosed as sizing agents for paper in Japanese Kokai Nos. 
168991/89 and 168992/89. 

European patent application Publication No. 0 629 741 Al discloses 
alkyl ketene dimer and multimer mixtures as sizing agents in paper used in high 
25 speed converting and reprographic machines. The alkyl ketene multimers are made 
from the reaction of a molar excess of monocarboxylic acid, typically a fatty acid, 
with a dicarboxylic acid. These multimer compounds are solids at 25 ''C. 

European patent application Publication No. 0 666 368 A2 and 
Bottorfif et a/ in U.S. Patent 5,685,815, disclose paper for high speed or 
30 reprographic operations that is internally sized with an alkyl or alkenyl ketene 
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dimer and/or multimer sizing agent. The preferred 2-oxetanone multimers are 
prepared with fatty acid to diacid ratios ranging from 1:1 to 3.5:1. 

Commercial ASA-based sizing agents are dispersions or emulsions 
of materials that may be prepared by the reaction of maleic anhydride with an olefin 
5 (C14-C18). 

Hydrophobic acid anhydrides usefiil as siang agents for paper 

include: 

(i) rosin anhydride (see U.S. Patent 3,582,464, for example); 

(ii) anhydrides having the structure (I): 
10 O 

// 

^ \ 

O (I) 
15 / 

R^-C 

^ W 

o 

where each R^ is the same or a different hydrocarbon radical; and 

("0 cyclic dicarboxylic acid anhydrides, preferably having the 

structure 

ai): 

O 

0 

25 C 

/ \ 

Rg-R^ O (II) 
C 

30 y 

o 

vsdiere R^ represents a dimethylene or trimethylene radical and where Rj, is a 
hydrocarbon radical. 

Specific examples of anhydrides of formiila (I) are myristoyl 
35 anhydride; palmitoyl anhydride; oleoyl anhydride; and stearoyl anhydride. 
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Preferred substituted cyclic dicarboxylic acid anhydrides falling 
within the above formula (H) are substituted succinic and glutaric anhydrides. 
Specific examples of anhydrides of fomiula 01) are i- and «-octadecenyl succinic 
acid anhydride; /- and n-hexadecenyl succinic acid anhydride; /- and «-tetradecenyl 
5 succinic acid anhydride; dodecyl succinic acid anhydride; decenyl succinic acid 
anhydride; ectenyl succinic acid anhydride; and heptyl glutaric acid anhydride. 

Nonreactive sizing agents useful in the present invention include a 
polymer emulsion including a cationic polymer emulsion, an amphoteric polymer 
emulsion and mixtures thereof. Preferred polymer emulsions are those wherein the 

10 polymer of the polymer emulsion is made using at least one monomer selected from 
the group consisting of styrene, a-mcthylstyrene, acrylate having an ester 
substituent with 1 to 13 carbon atoms, methacrylate having an ester substituent 
with 1 to 13 carbon atoms, acrylonitriie, methacrylonitrile, vinyl acetate, ethylene 
and butadiene; and optionally comprising acrylic acid, methacrylic acid, maleic 

1 5 anhydride, esters of maleic anhydride or mixtures thereof, with an acid number less 
than about 80. Of these, more preferred are those where the polymer is made using 
at least one monomer selected from the group consisting of styrene, acrylate having 
an ester substituent with 1 to 13 carbon atoms, methacrylate having an ester 
substituent with 1 to 13 carbon atoms, acrylonitriie and methacrylonitrile. The 

20 polymer emulsion preferably is stabilized by a stabilizer predominantly comprising 
degraded starch, such as that disclosed, for example, in U.S. Patents 4,835,212, 
4,855,343 and 5,358,998. Also preferably, the polymer emulsion has a glass 
transition temperature of about -1 5 to about 50**C. 

For traditional acid pH papermaldng conditions, nonreactive sizing 

25 agents in the fomi of dispersed rosin sizing agents are typically used. Dispersed 
rosin sizing agents are well known by those skilled in the paper making industry. 
Nonlimiting examples of rosin sizing agents are disclosed in many patents, among 
them Aldrich U.S. Patents 3,966,654 and 4,263,182. 

The rosin usefril for the dispersed rosin sizing agents used in the 

30 present invention can be any modified or unmodified, dispersible or emulsifiable 
rosin suitable for sizmg paper, including unfortified rosin, fortified rosin and 
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extended losin, as well as rosia esters, and mixtures and blends thereof. As used 
herein, the term "rosin" means any of these forms of dispersed rosin useful in a 
sizing agent. 

The rosin in dispersed form can be any of the commercially available 
5 types of rosin, such as wood rosin, gum rosin, tall oil rosin, and mixtures of any two 
or more, in their crude or refined state. Tall oil rosin and gum rosin arc prefeiied. 

Partially hydrogenated rosins and polymerized rosins, as well as rosins that have 
been treated to inhibit crystallization, such as by heat treatment or reaction with 
formaldehyde, also can be employed. 
^® A fortified rosin useful in this invention is the adduct reaction 

- product of rosin and an acidic compound containing the 

1 5 group and is derived by reacting rosin and the acidic compound at elevated 
temperatures of from about 150**C to about 210 "^C. 

The amoimt of acidic compound employed will be that amount 
which will provide fortified rosin containing from about 1% to about 16% by 
weight of adducted acidic compound based on the weight of the fortified rosin. 
Methods of preparing fortified rosin are well known to those skilled in the art. See, 
for example, the methods disclosed and described in U.S. Patents 2,628,918 and 
2,684,300. 

Examples of acidic compounds containing the 

group that can be used to prepare the fortified rosin include the alpha-beta- 
unsaturated organic acids and their available anhydrides, specific examples of 
which include fumaric acid, maleic acid, acrylic acid, maleic anhydride, itaconic 
30 acid, itaconic anhydride, citraconic acid and citraconic anhydride. Mixtures of 
acids can be used to prepare the fortified rosin if desured. Thus, for example, a 
mixture of the acrylic acid adduct of rosin and the fumaric acid adduct can be used 
to prepare the dispersed rosin sizing agents of this invention. Also, fortified rosin 
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that has been substantially completely hydrogenated after adduct formation can be 
used. 

Various rosin esters of a type well known to those skUled in the art 
can also be used in the dispersed rosin sizing agents of the present invention. 
5 Suitable exemplary rosin esters may be rosin esterified as disclosed in U.S. Patents 
4,540,635 (Ronge et al.) or 5,201,944 (Nakata et ai). 

The unfortified or fortified rosin or rosin esters can be extended if 
desired by known extenders therefor such as waxes (particularly paraffin wax and 
microcrystalline wax); hydrocarbon resins including those derived from petroleum 
10 hydrocarbons and teipenes; and the like. This is accomplished by melt blending or 
solution blending with the rosin or fortified rosin fiom about 10% to about 100% by 
weight, based on tiie weight of rosin or fortified rosin, of tiie extender. 

Also blends of fortified rosin and unfortified rosin; and blends of 
fortified rosin, unfortified rosin, rosin esters and rosin extender can be used. Blends 
15 of fortified and unfortified rosin may comprise, for example, about 25% to 95% 
fortified rosin and about 75% to 5% unfortified rosin. Blends of fortified rosin, 
unfortified rosin, and rosin extender may comprise, for example, about 5% to 45% 
fortified rosin, 0 to 50% rosin, and about 5% to 90% rosin extender. 

Hydrophobic organic isocyanates, e.g., alkylated isocyanates, are 
20 anotiier class of compounds used as paper sizing agents that are well known in tiie 
an tiiat can be used in this invention. 

Other conventional paper sizing agents suitable for use in this 
invention include alkyl carbamoyl chlorides, alkylated melamines such as 
stearylated melamines, and styrene aciylates. 

Mixtures of reactive and nonreactive sizing agents may be used in 
the present invention. 

The sizing agent composition containing the divalent metal salt of 
the present invention can give an additive enhancement to the optical density of 
pigmented ink jet printing over tixe perforaiance of tiie salt alone; fiirtiiennore, tiie 
30 sizing agent also enhances the print quality of dye-based ink jet inks, by virtue of 
the sizing agent component of tiie composition. Thus,tii sizing compositions 
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containing the divalent metal salts of the present invention with a sizing agent 
provide improved quality of ink jet printing using dye-based ink and pigmented ink. 
There is a balance that must be achieved when using the sizing agent composition 
containing the metal salt of the present invention. Too much of either component 
5 will not be acceptable. Low concentrations of the metal salt are preferred for 

surface applications within the concentration ranges specified below. Too much 
salt in excess of the concentrations noted below may adversely affect conductivity 
and cause corrosion of paper processing equipment. Calcium chloride, being 
efficient in its performance at relatively low concentrations, is a particularly 

10 preferred metal salt. Too much of tiie sizing agent, in excess of the ranges 

specified, may cause cascading, may adversely affect converting and feeding, may 
increase the cost without enhancing the performance benefit and may lead to 
deposits of materials on the paper making equipment. The suitable level of sizing 
agent can be determined by those skilled in the art 

^ ^ The composition of the present invention contains about 0.0 1 % to 

about 3% of the sizing agent, preferably about 0.05% to about 3%, and more 
preferably, about 0.1% to about 1%. 

All percentages in tiiis disclosure are by weight based on the weight 
of the solution, mixUire, composition, or paper, as appropriate, unless noted 

20 otherwise. 

The concentration of tiie divalent metal salt in tiie sizing composition 
of tiiis invention is about 0.01% to about 3%. preferably about 0.05% to about 3%, 
and more preferably, about 0. 1 % to about 1 %. 

An important parameter in this invention is the concentration or level 

25 of tiie divalent metal salt in the final dried paper. The amount of metal salt in tiie 
size press solution or otiier coating medium is generally adjusted to provide tiie 
desired concentration or weight in tiie finished dried paper. The amount in tiie final 
paper is set by tiie concentiation in tiie composition and size press solution and the 
pick-up of (or amount applied to) tiie substrate. The concentration of tiie divalent 

30 metal salt in tiie dried paper should be about 0.01% to about 0.4%. The preferred 

concentration is about 0.02% to about 0.3%, and tiie most preferred concentration is 
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about 0.05% to about 0.2%. aU based on the total weight of the finished dried paper. 
The level of addition onto the paper typically may be, e.^.. approximately 0. 15% 
salt with about 0.02% to about 0.3% sizing agent, and typically about 0.02% to 
about 0. 1 0% sizing agent. 

5 because basis weight of the substrate such as paper surface treated 

with the salt may vaiy, the concentration of salt on the dried paper or other substrate 
is preferably measured as a unit weight of dried salt per unit area. The 
concentration of salt on the substrate, after being surface treated or sized (and 
dried), should be about 0.01 g/m^ to about 1 g/m^. Preferably, the concentration 
10 should be about 0.02 g/m^ to about 0.3 g/m^, and more preferably, about 0.03 g/m^ 
to about 0.2 g/m^. 

The weight ratio of the divalent metal salt, e.g., calcium chloride or 
magnesium chloride, to the sizing agent(s) and other additives in the aqueous sizing 
composition of the present invention is about 1 :20 to about 20:1 . More preferably, 
1 5 the weight ratio is about 1 :5 to about 5:1. Most preferably, the ratio is about 1 :3 to 
about 3:1. 

The salt-containing sizing composition preferably contains a carrier 
agent and can also be used with other conventionally used sizing composition 
additives, such as size press additives, provided there is no resulting precipitation or 

20 coagulation of the components of the composition. Constraints on the addition of 
materials with the salt-contining composition are compatibility and performance. 
Some materials, such as solutions of anionic polymeric styrene maleic anhydride 
sizing agents and strongly anionic soluble meaterials, e.g. strongly anionic rosin 
soap sizing agents, are not compatible with the divalent metal salts of this 

25 invention. Those mixtures which lead to coagulation and precipitation of the added 
material such that the paper maker can no longer make paper are not suitable. 
Additives that by themselves improve ink jet printing are preferably used in 
combination with the metal salts of diis invention because this invention further 
enhances their performance. 

^® The sizing compositions containing the divalent metal salts of this 

invention are suitable for use with a wide variety of additives, preferably including 
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a carrier agent As used herein, a "carrier agent" includes starch or a binding agent, 
such as polyvinyl alcohol. polyvinylpyrroUdone or polyethyleneimine. with which 
the sizing agent and the divalent metal salt and optional additives may be mixed, for 
application to the substrate. Such combinations with one or more additives may be 
prepared as a premixture, to be added, e.g. . to a size press emulsion, or may be 
prepared in situ by addition of the individual components to a size press emulsion 
or other coating medium. The preferred premixture systems are premixed 
compositions containing calcium halide and/or magnesium haUde, particularly 
calcium chloride, with reactive sizes, such as 2-oxetanone dimers and multimers, 
with nonreactive sizes or mixtures thereof The nonreactive sizmg agent may be, 
for example, a dispersed rosin sizing agent or a polymer emulsion including a 
cationic polymer emulsion, an amphoteric polymer emulsion and mixtures thereof, 
as disclosed above. 

Any compatible optional surface treatment additives may be added 
15 to the sizing composition containing the divalent metal salt, provided that 

precipitation or coagulation does not occur, and such additives include latex 
emulsions conventionally used as paper additives or for other purposes. 

The invention is particularly useful with alkaline paper sheets sized 
with 2-oxetanone dimers (such as AKDs and alkenyl ketene dimers) and 2- 
20 oxetanone multimers (such as alkenyl ketene multimers), acid anhydrides (such as 
ASA), and with acid paper sheets sized with dispersed rosin sizing agents. 

Conventional application of other materials to enhance Inkjet 
printing, such as high levels of fillers bound with a water soluble polymer, or 
polyvinyl alcohol, can lead to rheological problems if introduced at the size press, 
25 but the current invention is not subject to such problems. 

The size press emulsion or other aqueous mediiun containing the 
metal salt of this invention may also contain other conventionally used paper 
additives used in treating uncoated paper, such as fillers (silica by way of 
nonlimiting example), optical brightening agents, defoamers, and biocides. Use of 
30 the metal salt of this invention with such additives is desirable in many cases, since 
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the presence of the salt provides enhanced performance of such additives and 
enhanced ink jet printing performance. 

The level of the other optional additives in the sizing composition is 
generally about 0.01% to about 3%, and varies with the type of additive and the 
5 amount of solution picked up by the paper during size press treatment. 

The aqueous sizing medium preferably containing a carrier agent, 
such as an aqueous starch solution, may be made in the conventional way, using the 
usual components and additives in the conventional amounts, all as is well-known 
to those skilled in the paper making industry. Where starch is used as the carrier 

10 agent, the components of this invention should be added to the cooked starch (and 
the starch should be used between a pH of 7 and 9) and at temperature of about 
50**C to about 80°C. Holding times, compatibility of additives and other 
conditions and equipment may be selected in accordance with conventional 
practices of those skilled in the art. 

1 5 When other additives are used with the sizing agent and metal salt, 

all of the components are preferably applied to the paper surface concxirrcntly, e.g,, 
in a single operation, whether the additives are premixed with the sizing agent and 
salt composition or added concurrently with such composition. 

The surface sizing medium containing the metal salt is applied as a 

20 surface treatment to the paper in the method of this invention. The sizing 

compositions of this invention may be applied to the surface of the paper or other 
substrate by any of several different conventional means, well known in the paper 
making and coating arts. The sizing composition is normally applied as a surface 
treatment to both sides of the paper being treated, but if desired, surface application 

25 could be made to only one side of the paper sheet. 

As used herein, "surface sizing" or equivalent terms (such as 
"surface sized") means applying the sizing agent at or near the size press or at a 
position in a paper making system where the sized press would otherwise be 
present. Typically a size press is located downstream of a first drying section of a 

30 ps^rmaking machine. 
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A preferred surface sizing method of application of the composition 
to a paper substrate in tiie form of a sheet or web uses a conventional metered or 
nonmetered size press in a conventional paper making process. When this 
technique is used, the application temperature is at a temperature of at least about 
50** C and not greater than about 80**C, typically about 60 C. The invention is not 
limited to treatment of the paper or other substrate via the size press treatment or at 
the temperature typically used at the size press, since the substrate may also be 
surface treated with the composition by other methods. 

Other surface application methods and equipment may also be used 
to apply the composition containing the divalent metal salts to the surface of the 
paper, coated paper, plastic fihn or other sheet substrate, with or without other paper 
additive components, such as by using conventional coating equipment (e.g,, with a 
Mayer rod or doctor bar) or spraying techniques. Surface application may also be 
made at points other tiian the size press in the paper making process, e.g, , at the 
calender stack, to obtain a paper havmg the desired ink jet printing characteristics. 
All types of conventionally used equipment are suitable. 

The application of materials at or after the size press is very different 
from wet end treatment of p^r. The conditions of application and the distribution 
of materials within the paper will be dififerent. The paper is at least partially dried 
prior to the size press and it is subsequentiy dried by conventional methods after the 
size press or other application point or technique. 

As noted above, the composition of this invention preferably may be 
added at the size press, e.g, , with the starch and other additives that are currentiy 
used with uncoated paper. A size press solution suitable for use in this invention 
may be prepared by conventional techniques. Such size press solution generally 
comprises a starch solution, containing about 2% to about 20% starch, that has been 
cooked in some fashion and that is kept hot The temperature of the solution is 
generally about 60 °C. The concentration of starch in the starch solution is 
preferably about 4% to about 16%, and most preferably about 6% to about 12%. 

Where the carrier agent is a binding agent as discussed above, the 
binding agent is present in the composition such that the composition has a 
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Viscosity Of no more than about 1000 centipoise (cp), and preferably, no more than 
about 500 cp. The amount of binding agent used will depend on the molecular 
characteristics of the particular binding agent chosen, as well as the characteristics 
of the other components of the composition. 
5 The paper used in the method of this invention is not critical and 

may be any paper grade that requires sizing in its normal end-use application. The 
paper may include both cellulosic and polymeric plastic fibers. Preferably, the 
paper contains predominanUy cellulosic fibers, and more preferably, the paper 
contains substantially entirely cellulosic fibers. AU known conventional processes 

1 0 of making paper are capable of preparing paper treated according to the present 
invention. The invention will work on virtually any type of substrate and may be 
used on acid, alkaline, neutral and unsized sheet substrates. In this invention, the 
sheet substrate, most often paper, is formed prior to the application of the sizing 
composition that includes the soluble divalent metal salts of the invention. 

1 5 The present invention is intended primarily, but not exclusively, for 

use with alkaline paper. The invention is particularly useful with precision paper 
handling grades of alkaline fine paper, including, without limitation, forms bond, 
cut sheet p^r, copy paper, envelope paper, adding machine tape, and the like. 

The paper is preferably paper in the form of a sheet or web having a 

20 basis weight m tiie range of about 30 gfn? to about 200 g/m^, more preferably 
about 40 g/m^ to about 120 g/m^. The paper suitable for use in this invention 
includes p^r having a basis weight typical of paper used m Inkjet printing or 
conventional copy paper used in photocopy machines. Such printing and writing 
paper typically have a basis weight of about 60 to about 100 g/m^. Other types of 

25 stock include, for example, newsprint witii a basis weight of about 40 g/m^ to about 
60 g/m^, kraft paper with a basis weight of about 50 g/m^ to about 120 g/m^, 
white-top liner board with a basis weight of about 120 g/m^ to about 400 g/m^, and 
coated grades thereof. Coated paper is treated witii a wide range of fillers and 
binders over a base sheet that may be lightweight, such as about 

30 40 g/m , or heavier, such as about 100 g/m . 
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Unlike prior art papers intended for use in ink jet printing, which are 
typically coated with materials that improve print quality of dye-based ink jet 
printing inks, the paper in the present invention does not require such prior art 
coatings. The paper can therefore be economically produced and is competitive 
5 with conventional uncoated copy paper, which is often used for multiple purposes. 

The paper used in this invention may be made with or without 
conventional internal sizes being present. It is often preferred to use internal sizing 
agents, which may be present at addition levels of about 0.02 to about 4 kg/metric 
tonne of paper, more preferably about 0.2 to about 3 kg/metric tonne and most 

10 preferably about 0.5 to about 2 kg/metric tonne of p^r. Conventional internal 

sizes may be used, for example ASA sizing agents and AKD sizing agents, as well 
as other reactive and non-reactive internal paper sizing agents. Such internal paper 
sizes may include and be identical to the surface sizing agents, and particularly the 
reactive surface sizing agents used in the present invention. 

^ 5 The metal salt of this invention can be used with substrates other 

than paper, e.g. substrates of polymeric plastic material typically fonned by 
extrusion, casting or other known processes, useful in Inkjet printing. For example, 
transparency films and other polymeric, preferably plastic, sheet materials may be 
treated according to this invention with the sizing composition containing the salt of 

20 this invention. Such transparency sheets may be used for making ink jet printable 
sheets for use with overhead projectors. Such polymeric sheet substrate materials 
may be polyester, polypropylene, polyethylene, acrylic or the like. The application 
of the metal salts to such substrates is similar to that described above except the 
substrate is a plastic sheet material and is coated by conventional coating methods, 

25 rather than with a paper machine size press. 

The method of this invention can be used in the treatment of coated 
paper by incorpohiting the sizing agent containing the metal salt into a coating 
formulation. Coated paper is used in many applications, including dye-based ink jet 
printing. ITie addition of the salts from the salt-containing sizing agent composition 

30 of this invention enhances perfonnance of such coated sheets for Inkjet printing 
using pigment-based inks in addition to dye-based inks. The coating may be 
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applied by conventional methods. A typical coating formulation may contain filler, 
binder, and rheology modifier. The coating formulation used in the preparation of 
coated papers should be selected so us to be compatible with tiie metal salts and 
other components of the sizing compositions of tiiis invention. Such compositions 
may be added either in conjunction with, or in combination with, the application of 
the conventional coatings or may be applied after the conventional coating has been 
applied and dried or cured. 

Paper for many end-use applications is generally converted into a 
more useful form through operations such as cutting, folding, perforating, printing, 
moving, stacking, and vsrinding. The performance in such operations can be 
affected by p^er additives. Conventional additives for enhancing ink jet printing, 
such as high levels of reactive size agents, can cause lower paper coefficients of 
fiiction and/or paper slipping on high speed equipment. Therefore, the amount of 
the sizing agent component of the compositions of tiie present invention should be 
15 continued within the concentiations set forth above. Otiier additives, such as fillers, 
can dull cutting blades. As a result, the use of these types of fillers should likewise 
be controlled carefully. 

Inkjet printing performance is improved by the presence of the 
metal salts of this invention, particularly for ink jet printing using pigmented Inkjet 
20 inks. The present invention provides a high concentiation of tiie ink jet-applied 
inks near the p^r surface, and this increases the optical density of the printed 
image, a desirable resuh. The invention also limits the undesirable edge roughness 
of applied inks and this improves the clarity of the images, likewise a desirable 
characteristic. While not wishing to be bound by any particxilar theory or 
25 mechanism of action, the inventor believes that the metal sahs of this invention 
contained in the paper interact with tiie pigmented inks to result in these 
improvements and the sizing component slows the penetration of the ink into the 
paper. 

Performance evaluations of the compositions containing the divalent 
30 metal salts of this invention, along with other materials, for tiieir effect in 
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improving optical density and reducing show-through of pigmented ink appUed to a 
base paper via an ink jet printer are noted below: 

Calcium chloride (CaClj) provided excellent results, and magnesium 
chloride generally works as weU or almost as weU as calcium chloride on an 
equivalent weight basis. Calcium bromide also works well but not as well on an 
equivalent weight addition basis. 

Calcium zirconate, ammonium zirconium- carbonate, and zinc oxide 
generally do not provide the desired improvement, at normal usage levels. 

Considering the results, it can be hypothesized (while not wishing to 
be bound or limited by any particular theory or mechanism of action) that the 
preferred CaClj and MgClj salts provide the best performance because of their 
solubility and their ability to strongly interact with the ink. 

Generally, an increased concentration of metal salt within the 
indicated range leads to greater enhancement in Inkjet print quality performance 
1 5 without increasing corrosion, or environmental problems and for reasons of 
economy. Not all metal salts give equal performance, as noted above. It was 

completely unexpected that metal salts, particularly calcium chloride and 
magnesium chloride, would give much better performance than other salts. It was 
also unexpected that the metal salts of this invention gave excellent performance, 
but other salts that were tried were ineffective. Having seen the results, the inventor 
beUeves (while not wishing to be bound or limited by any particular theory or 
mechanism of action) that the successfid performance of various metal salts of this 
invention may be based on two factors: solubility and ionic strength. Magnesium 
and calcium salts are preferi-ed because they provide the correct balance of these 
25 two factors. 
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EXAMPLES 

The present invention will now be described in more detail with 
reference to the following specific, non-limiting Examples. 

The procedures used in the Examples are laboratory scale procedures 
where efforts were made to mimic apaper machine size press application. This was 
accompUshed by preparing paper beforehand in a separate operation, where the 
paper was not treated at a size press with starch or surface additive. The paper in 

the following Examples was prepared on a pilot paper machine at Western 
Michigan University. A representative fine paper furnish was used with the 
Western Michigan University paper machine, to make a typical alkaline fine paper. 
The paper (base sheets) vras dried and stored. 

In the Examples described below, the paper was passed through a 
laboratory puddle size press and the desired treatment applied. The treated paper 
was then immediately dried on a drum drier. The paper was conditioned for a 
minimum of 24 hours before Inkjet testing. In all of the examples below the Inkjet 
printing was conducted with the Hewlett-Packard DeskJet 660C Inkjet printer. The 
print settings were set on "best" and "plain paper" within the Hewlett-Packard 
software that was supplied with the printer. The print characteristics of the paper 
were measured at least 1 hour after printing. Optical density readings were made 
20 with a Cosar model 202 densitometer. Print characteristics were evaluated as 
described earlier using a test pattern with solid color areas, black text print, and 
black-on-yellow and yellow-on-black printed areas. A method of evaluation is 
described in Hewlett-Packard test criteria. The ratings listed on a scale of good, fair 
and poor are based on the Hewlett-Packard ratings of good, acceptable and 
unacceptable. See. Hewlett Packard Paper Accepance Criteria for HP DeskJet 
500C, ^^OCWJdOCPrm/erj, Hewlett-Packard Company, July 1. 1994. 

In all cases, starch was a significant component of the size press 
solution. Starch solutions were prepared by cooking the starch in water at about 
95 -C for 30 to 60 minutes and then adjusting the pH to about 8. The additives 
noted in the Examples were mixed into the starch. The mixttires were stirred and 
the pH was adjusted as noted in the Examples below. Within about 15 minutes of 
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adding the materials to the starch mixtures, the mixtures were applied to the paper 
prepared as described above. The basis weight of the paper used was in all cases 
about that of normal copy paper, or 75 g/m^. 

The amounts of salts used were calculated on a dry salt basis based 
5 on the weight of dry paper, prior to the size press treatment (hereinafter "dry wt%"). 

In some cases, the sizing, or water hold-out, of the paper was 
measured by the Hercules Sizing Test (HST). The Hercules Sizing Test is a well- 
recognized test for measuring sizing performance and is described in J.P. Casey, 
Ed., Pulp and Paper Chemistry and Chemical Technology, Vol. 3, pp. 1553-1554 
10 (1981) and m TAPPI Standard T530. A higher HST number is considered to 
represent better sizing ability Oess water penetration). 

EXAMPLE 1 
Effect of Salt T I.V..1 

Example 1 demonstrates the effect on Inkjet print quality of the 
1 5 amount of surface-applied salt on the surfece treated dry paper. A base sheet was 
made on the pilot paper machine at Western Michigan University with a 70:30 
bleached hardwood:softwood pulp mixture beat to 425 Canadaian Standard 
Freeness (CSF) and containing internally 12% ALB AGAR* PO precipitated 
calcium carbonate, (from Specialty Minerals Inc., Bethlehem, PA), 0.15% 
20 HERCON® 76 sizing agent (from Hercules Incorporated), and no alum. This base 
sheet was surface treated with starch alone and with mixtures of starch with several 
salts, as follows: calcium chloride, magnesium chloride, calcium bromide and 
potassiimi chloride. The salts were applied at the amounts as shown in Table 1 
below. 

25 An 8 dry wt% solution of GPC® D-150 oxidized com starch (from 

Grain Processing Company. Muscatine, lA) was used. A sample treated with just 
the 8% GPC® D-150 com starch solution is included for comparison. Premixes of 
the various salts noted above and FLEXBOND* 325 cationic copolymer of vinyl 
acetate and butyl acrylate (from Air Products and Chemicals Inc.), having a glass 

30 transition temperature of 1 5 "C, a mean particle size of 0.3 microns, pH of 4.0-6.0, 
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viscosity of 700-1200 cps, and 55% solids emulsion, were added to the starch 
solution. In all cases except the starch alone sample, 0.15 dry wt% FLEXBOND*^ 
solids was added to the paper by adding 0.72 g of the 55% solids FLEXBOND® 
emulsion per 100 g of starch solution. The salts were added to the starch solution at 
a level to give the addition levels in the final paper that are shown below in Table 1 . 

These starch solutions were adjusted to approximately pH 7,5 and 
then applied at the size press to surface treat the paper. The Inkjet print quality of 
the resulting paper was evaluated, and the results are shown in Table 1 . 



Table 1 

10 SALT DRYWT%OF SAT.T BLACK On 

Calcium Chloride 0. 1 5 1 .34 

Magnesium Chloride 0.13 1.30 

Magnesium Chloride 0. 1 5 1.35 

Calcium Bromide 0. 1 5 1 .24 

1 5 Calcium Bromide 0.27 1 .38 

Potassium Chloride 0.15 1.16 

Potassium Chloride 0.20 1.15 

Starch 0 1.10 



The black optical density (OD) results from ink jet printing show that CaCl2 
20 and MgClj are more efficient in increasing optical density than KCl, and on a 

weight basis, they are more efficient than CaBrj. Bromine ions are much heavier 
than chlorine ions so, on an equal weight basis of salt, there is less calcium added 
when CaBr2 is used versus CaCl2. MgClj and CaClj give about equal results on a 
weight basis. On an equal molar basis, 0.13 MgClj v. 0.15 CaClj, the calcium salt 
25 gave a greater improvement. 
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EXAMPLE 2 

Ca l ciym Chloride rombined with Nnn-Reartiv^ si-^np i„ st.'-^^ S irr 

Press So l Htion th<^ Addition of ralri».m ChUri^. ^ | one in th. ^f.r^^ ^ AlutiTTTI 
Example 2 was carried out to evaluate the effect on the resulting 
5 paper's ink jet print quality of a surface-applied metal salt used in combination with 
a non-reactive surfece sizing agent, both being applied to paper at the starch size 
press. A base sheet was made on the pilot paper machine at Western Michigan 
University with a 70:30 bleached haniwood:softwood pulp mixture beat to 390 CSF 
and containing internally 20% HYDROCARB™ 65 calcium carbonate filler (from 
OMYA. Inc., Florence, VT), 0.5% HI-CAT® 142 cationic starch (from Roquette 
Freres. Lestiem. France). 0.12% AQUAPEL® 320 sizing agent(from Hercules 
Incoiporated), and no alum. This base sheet was surface treated at the size press 
with starch alone, with a mixture of starch with calcium chloride, and with a 
mixture of starch, calcium chloride, and BASOPLAST® 335D polymeric surface 
15 size, a non-reactive sizing agent. 

An 8 dry wt% solution of GPC® D-150 com starch was used at the 
size press, as in previous Examples. The metal salt and polymeric sizing agent 
were added to the starch solution at a level to get a desired final level in the paper 
based on the amount of starch solution picked up by the paper during the size press 
20 treatment. The pH of the final size mixtures were not adjusted after the addition of 
the sizing agents. The pick-up of the starch solution was 34.7% based on the wet 
weight of the starch solution to the initial weight of die paper. 

The ink jet print quality and the sizing property of the resulting paper 
were evaluated, and these results are shown below in Table 2, where the standard 
25 HST ink, with a pH of 2, was used. 
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Tabic 2 

335I> T,RVFr,* MixmrfpH rnrUT.RVFT* pH7HSTrc.^> P T^^Kr^P 
0 7.7 0 91 

0 6.9 0.25 52 
0.1 4.8 0 127 

01 4.5 0.25 141 



0.98 
1.39 
1.08 
1.55 



* dry wt% 



10 



15 



20 



25 



The results in Table 2 show that the presence of calcium chloride on 
the CaCi2-treated paper provided a significant improvement in black optical 
density, both when the CaCl2 was used alone and when it was applied in 
combination the BASOPLAST* 335D non-reactive polymeric surface size. 

The results of HST sizing performance in the Table confirm that the 
improved black OD performance is not an artifact of an increase in water hold-out 
as measured by HST. This is evident since the HST sizing performance was lower 
(52 sec.) for the polymeric surface size-free paper containing the CaClj salt than for 
the same p^r without polymeric size and CaClj (91 sec). The HST sizmg 
performance results for the two paper evaluations in which a polymeric surface size 
was present are similar (127 sec. without CaClj and 141 sec. with CaCy, and this 
difference in HST size performance is not considered significant. 

In addition, the combination of non-reactive sizing agent and CaCl2 
provides an enhanced or synergistic increase in black optical density for tiie surface- 
treated paper, over and above tiie expected additive increase of tiie two used 
separately. The presence of tiie metal salt tiierefore provides an une^qjected and 
surprising improvement in Inkjet print quality for surfaced sized paper containing a 
non-reactive sizing agent. 
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EXAMPLE 3 

Prgm i xfare of Calcium Chloride anH it^s,.f]y ^ sj^^inp ^ ^ ^^^ 

IntroduceH tn tt^^ f^\^^ press ?^»lM Mftn 
Example 3 was carried out to evaluate the eflfect on the resulting 
5 paper's ink jet print quality of a suiface-applied metal salt used in combination with 
a reactive surface sizing agent, both being combined in a premixture that was 
subsequently appUed to paper at the starch size press. The reactive sizing agem 
used in this Example 3 was an alkenyl ketene dimer paper sizing agent. 

A base sheet was made on the pilot paper machine at Western 
10 Michigan University with a 70:30 bleached hardwood:softwood pulp mixture beat 
to 390 CSF and containing internally 15% ALBACAR® HO precipitated calcium 
carbonate fiUer, 0.26% STA-LOK® 400 cationic starch (ftom A.E. Staley 
Company, Decatur, Illinois), 0.08% alkenyl succinic anhydride, and 0.25% alum. 
This base sheet was surface treated using the laboratory puddle size press with: (A) 
starch alone; (B) starch solution containing a reactive surface size emulsion 
containing alkenyl ketene dimer (no metal salt being present); and (C) starch 
solution containing a premixture of the ketene dimer size emulsion and calcium 
chloride. To prepare the prenuxture, a 50:50 solution of calcium chloride dihydrate 
to water was added to the ketene dimer emulsion, and the premixture contained 9.0 
20 wt% solids from the dimer emulsion and 33.8 wt% calcium chloride, based on the 
weight of the premixture. 

An 8 dry wt% solution of GPC* D-ISO com starch was used at the 
size press, as described in previous Examples. The materials were added to the 
starch at a level to provide a desired final level of ketene dimer surface size and/or 
calcium chloride in the paper (as shown below in Table 3) based on the amount of 
starch pick-up. 

The ink jet print quality and the sizing property of the resulting paper 
were evaluated, and these results are shown below in Table 6, where the standard 
HST ink, with a pH of 2, was used. 



15 



25 
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SOLIDS 
LEVEL (%) 

FROM 
KETENE 

SAMPLE DIMEE* CaQjiEYEL* i3H2HSTr.cc^ BLACK on 
AO 0 2 LIO 

B 0.025 0 35 L45 

C 0.025 0.094 42 1 59 



dry wt% 



The results shown m Table 3 demonstrate that the premixture 
containing a combination of CaCl2 with a reactive size, when applied as a surface 
treatment to paper at the size press, gave an excellent black OD for the resulting 
paper, higher than the black OD obtained either with no reactive surface size 
present or with the use of the reactive surface size alone, both without the presence 
of a metal salt 

EXAMPLE 4 

CalPlum ChlQridg Combined with a Multimer Base d Reactive Sizinp Ag ent 
Example 4 was carried out to demonstrate that the combination of 
CaCl2 as the metal salt with another reactive size, when both are applied as a 
surface treatment to paper at the size press, provides excellent Inkjet print quality 
for the resulting paper. The reactive sizing agent used in this Example 4 was a 
ketene multimer paper sizing agent, described in International Patent Application 
Publication No. WO 97/30218, published August 21, 1997, different from the 
ketene dimer sizing agent used in the previous example. 

The same procedure as described for Example 3 was followed. 
Starch solution alone (A) was tested; (B) starch solution containing the ketene 
multimer emulsion was added to the paper as a surface treatment, without a metal 
salt being present; and (C) starch solution and a premixture of calcium chloride with 
the ketene multimer emulsion; all being applied to the paper at the size press in the 
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same manner as in Example 3. The Inkjet print quality and the sizing property of 
the resulting paper were evaluated, and these results are shown below in Table 4. 



IsSA&A 

SOLIDS LEVEL (%) 

FROM KETENE 
SAMPT.F. MULTTMFR* CaCloJLEYELl 

A 0 ^0 

B 0.03 
C 0.03 



BLACK on 
1.10 

0 1.41 



0.15 1.54 



10 *drywt% 



The results shown in Table 4 demonstrate that the premixture 
containing a combination of CaCl2 with a reactive size, when appUed as a surface 
treatment to paper at the size press, gave an excellent black OD for the resulting 

paper, higher than the black OD obtained either with no reactive surface size 
15 present or with the use of the reactive surface size alone, both without the presence 
of a metal salt. 

Examples 1-4 demonstrate that the present invention provides 
improved Inkjet print quality, as measured by enhanced black ink optical density, 
with a metal salt used in combuiation either with a hon-reactive surface sizing agent 
20 or with a reactive surface sizing agent applied to the paper being surface treated 

with the metal salt, as compared with the ink jet print quality obtained with surface 
sizing agent alone. 

EXAMPLES 

Calg i wn Chloridg Combined with a Nnn-r>.;.rtiv ^ and a Reartiv.. SiTina Ap ^n^ 
^ ^ase sheet made at Western Michigan University with a 75 :25 
bleached hardwood:soflwood pulp mixture beat to 425 CSF and containing 
internally 10% ALBACAR® HO precipitated calcium carbonate, 0.05% alkenyl 
succinic anhydride sizing agent, 0.75% STA-LOK® 400 cationic starch and 0.25% 
alum, was treated with (A) starch solution alone (8 dry wt% starch GPC® D150 
30 solution): (B) starch solution with PRINTRITE® 594 polymer latex (from B.F. 
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Goodrich Company, Akron, OH); (C) starch solution and PRINTRITE® 594 
polymer latex premixed with PRECIS® 2000 reactive sizing dispersion; and (D) 
starch solution and PRINTRITE® polymer latex premixed with both PRECIS® 
2000 reactive sizmg dispersion calcium chloride. The ratio in the first premixture 
5 was 1 :8 PRECIS® 2000 solids to polymer solids. The ratio in the second 

premixture was 9:1 :8 calcium chloride: PRECIS® 2000 solids: polymer solids. The 
materials were added to an 8 dry wt% starch solution and tiie final pH adjusted to 
approximately pH 8. The solutions were used in the size press to treat the paper. 
The levels of materials added to the starch were adjusted based on the amount of 
10 starch solution picked up by the paper. The results are listed in Table 5, where the 
standard HST ink, with a pH of 2, was used. 

Tabk 5 

SOLIDS 



15 


SAMPLE 


LEVEL (%) 

FROM 
PRECIS® 


LEVEL* 


POLYMER LEVEL 


DH2HSTfsec'» 


BLACK 01 




A 


0 


0 


0 


2 


1.29 




B 


0 


0 


0.150 


48 


1.36 


20 


C 


0.017 


0 


0.133 


83 


1.54 




D 


0.017 


0.15 


0.133 


74 


1.70 



♦ dry wt% 



Adding CaCl2 to a polymer emulsion that provides sizing enhanced 
the Inkjet printing. The further addition of a reactive sizing agent gave a further 
25 boost in perfomiance. 
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, EXAMPLE 6 

Calcium Chloride Combined with a Non^reart i ve and a Reactive Siring Agent 
A base sheet made at Western Michigan University with a 70:30 
bleached hardwood:soflwood pulp mixture beat to 390 CSF and containing 
internally 15% ALBACAR® HO precipitated calcium carbonate, 0,11% alkenyl 
succinic anhydride sizing agent, 0.50% STA-LOK® 400 cationic starch and 0.25% 
alum, was treated with (A) starch alone; and mbctures of starch with (B) a 
premixture of an emulsion of a sizing agent formed from PENTAPRINT® H sizing 
agent and calcium chloride, and (C) PENTAPRINT® H sizing agent premixed with 
both an alkyl ketene dimer dispersion (HERCON® 70) and calcium chloride. The 
ratio in the first premixture was 2:1 PENTAPRINT® H solids to calcium chloride; 
The ratio in the second premixture was 2: 1 :0. 1 solids from PENTAPRINT® 
H:calcium chloride: solids from HERCON® 70. The materials were added to an 8 
dry wt% starch solution and the final pH adjusted to approximately pH 8. The 
solutions were used in the size press to treat the paper. The levels of materials 
added to the starch were adjusted based on the amount of starch solution picked up 
by the paper. A sample was treated with an 8 dry wt% GPC® D150 oxidized starch 
solution for comparison. The results are listed in Table 6. 



lahl^ 

20 SOLIDS 

LEVEL (%) 
FROM 

SAMPLE HERCON® 70» CaCL LEVEL* pkntapt^t nt t.fvft . RT Ar k: nn 

A 0 0 0 1.14 

25 B 0 0.15 0.30 L53 

C 0.015 0.15 0.30 1.62 
* dry wt% 



A premixturc of CaClj to a resin dispersion gave a surface additive 
that provided enhanced the ink jet printing. The further addition of a reactive sizing 
30 agent to the premixture gave a fiirther boost in performance. 
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Premixture of Calcium Chloride and Reactive Sizing Agent 
Introduced to the Size Press Solution 
Example 7 W2is carried out to evaluate the effect on the resulting 
5 paper's Inkjet print quality of a surface-applied metal salt used in combination with 
a reactive surface sizing agent, both being combined in a premixture that was 
subsequently applied to paper at the starch size press. The reactive sizing agent 
used in this Example 7 was an alkenyl ketene dimer paper sizing agent. 

A base sheet was made on the pilot paper machine at Western 
10 Michigan University with a 75:25 bleached hardwood: softwood pulp mixture beat 
to 425 CSF and containing internally 10% ALB AGAR® HO precipitated calcium 
carbonate filler, 0.6% STA-LOK® 400 cationic starch, 0.05% alkenyl succinic 
anhydride, and 0.25% alum. This base sheet was surface treated using the 
laboratory puddle size press with: (A) starch alone; (B) starch solution containing a 
15 reactive surface size emulsion containing alkenyl ketene dimer (PRECIS® 2000) 
and calciiun chloride. To prepare the premixture, a 50:50 solution of calcium 
chloride dihydrate to water was added to the ketene dimer emulsion, and the 
premixture contained 13.56 wt% solids from the dimer emulsion and 20.34 wt% 
calcium chloride, based on the weight of the premixture. 
20 Aji 8 dry wt% solution of GPC® D-l 50 com starch was used at the 

size press, as described in previous Examples. The materials were added to the 
starch at a level to provide a desired final level of ketene dimer surface size and/or 
calcitmi chloride in the paper (as shown below in Table 7a) based on the amount of 
starch pick-up. 

25 The ink jet print quality and the sizing property of the resulting paper 

were evaluated, and these results are shown below in Table 7a, where the standard 
HST ink, with a pH of 2, was used, and in Tables 7b and 7c. 



lahkla 
SOLIDS LEVEL (%) 

30 SAMPLE F ROM KETENE P IMgR * CaQljiEYEL* pH2HST fsec;^ 
A 0 0 2 

B 0.12 0.18 126 
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. Table 7b 

Hewlett Packard DeskJet® 660C Black Print Quality: 

BLACK EDGE 

5 SAMPLE BLACK OP BLACK LINE GROWTH ROUQHNESS 

A L25 Fair Fair 

B L60 Good Good 

Table 7c 

Hewlett Packard DeskJet® 660C Black Against Yellow Print Quality: 

10 BLACKA^LLOW BLACKATELLOW 

SAMPLE CYAN OP LINE OROWTH EPQE ROUGHNESS 

A 0.77 Fair to good Fair 

B 0.77 Fair to good Good 



Among the unexpected advantages of the invention are the 
15 compatibility of the salts with surface additives; the compatibility of premixtures of 
the salts with surface additives; the compatibility of the salts with the size press 
solution; the absence of problems applying such compositions to paper; the 
enhanced performance of the resulting paper for the application of ink jet printing 
with pigmented inks; and the additive benefits of salts with reactive sizing agents, 
20 salts with nonreactive sizing agents and mixtures of salts, reactive sizing agents and 
nonreactive sizing agents. The present invention particularly enhances at least the 
following print quality characteristics: optical density, show through, line growth, 
bleed, edge roughness, wicking and mottle. 

The present invention may be embodied in other specific forms 
25 without departing from the spirit or essential attributes thereof and, accordingly, 
reference should be made to the appended claims, rather than to the foregoing 
specification, as indicating the scope of the invention. 
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CLAIMS 

What is claimed is: 

1 . A composition useful for surface treating a substrate for ink jet 
printing, the composition comprismg a salt of a divalent metal, the salt being 
soluble in an aqueous sizing medium at about pH 7 to about pH 9, the aqueous 
sizing medium further comprising a carrier agent and a sizing agent. 

2. A composition useful for surface treating a substrate for ink jet 
printing, the composition comprising a salt of a divalent metal solubilized in an 
aqueous sizing medium at about pH 7 to about pH 9, the aqueous sizing medium - 
further comprising a carrier agent and a sizing agent. 

3. A composition useful for surface treating a substrate for ink jet 
printing with pigmented ink, the composition comprising a carrier agent, a sizing 
agent and a salt selected from calcium chloride, magnesium chloride, calcium 
bromide, magnesium bromide, calcium nitrate, magnesium nitrate, calcium acetate 
and magnesium acetate. 



4. The composition of claim lor 2 wherein the salt is selected from 
calciiun chloride, magnesium chloride, calcium bromide, magnesium bromide, 
calcium nitrate, magnesiiun nitrate, calcium acetate and magnesium acetate. 

5. The composition of any of claims 1 -4 wherein the salt is calcium 
chloride. 

6. The composition of any of claims 1-4 wherein the salt is magnesium 
chloride. 



7, The composition of any one of claims 1-6 wherein the carrier agent 
is starch. 
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8. The composition of any one of claims 1 -6 wherein the carrier agent 
is a binding agent 

9. The composition of claim 8 wherein the binding agent is selected 
from polyvinyl alcohol, polyvinylpyrrolidone and polyethyleneimine. 

10. The composition of any one of claims 1-9 wherein the sizing agent is 
a reactive sizing agent. 

1 1 . The composition of claim 1 0 wherein the reactive sizing agent is 
selected from an alkyl ketene dimer» an alkenyt ketene dimer, a 2-oxetanone dimer, 
a 2-oxetanone multimer, and an acid succinic anhydride sizing agent. 

12. The composition of claim 9 wherein the reactive sizing agent is an 
alkenyl ketene dimer. 

13. The composition of claim 9 wherein the reactive sizing agent is a 2- 
oxetanone multimer. 

14. The composition of any of claims 1-9 wherein the sizing agent is a 
nonreactive sizing agent. 

1 5 . The composition of any one of claims 10-13, further comprising a 
nonreactive sizing agent. 

1 6. The composition of claim 1 4 or 1 5 wherein the nonreactive sizing 
agent is a polymer emulsion selected from a cationic polymer emulsion, an 
amphoteric polymer emulsion and mixtures thereof. 

17. The composition of claim 1 6 wherein the polymer of the polymer 
emulsion is mad using at least one monomer selected from styrene. 
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a-methylstyrene, acrylate having an ester substituent with 1 to 1 3 carbon atoms, 
methacrylate having an ester substituent with 1 to 13 carbon atoms, acrylonitrile, 
methacrylonitrile, vinyl acetate, ethylene and butadiene; and optionally comprising 
acrylic acid, methacrylic acid, maleic anhydride, esters of maleic anhydride or 
mixtures thereof, with an acid number less than about 80. 

1 8. The composition of claim 1 6 wherein the polymer is made using at 
least one monomer selected from styrene, acrylate having an ester substituent with 1 
to 13 carbon atoms, methacrylate having an ester substituent with 1 to 13 carbon 
atoms, acrylonitrile and methacrylonitrile. 

19. The composition of claim 16 wherein the polymer emulsion is 
stabilized by a stabilizer comprising predonunantly degraded starch. 

20. The composition of claim 16 wherein the polymer emulsion has a 
glass transition temperature of about -15°C to about 50**C. 

21 . The composition of claim 14 or 15 wherein the nonreactive sizing 
agent is a dispersed rosin sizing agent 

22. Paper surface sized with the composition of any one of claims 1-21. 

23. Polymeric plastic material surface treated with the composition of 
any one of claims 1-21. 

24. A method of making an Inkjet printing substrate capable of retaining 
indicia formed by Inkjet printing using pigmented ink, the method comprising 

(a) surface treating the substrate with a composition comprising a 
salt of a divalent metal, the salt being soluble in an aqueous sizing medium at about 
pH 7 to about pH 9, the aqueous sizing medium further comprising a sizing agent; 
and 
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(b) diying the treated substrate. 

25. A method of making an ink jet printing substrate capable of retaining 
indicia formed by ink jet printing using pigmented ink. the method comprising 

(a) surface treating the substrate with a composition comprising a 
salt of a divalent metal, the salt being solubilized in an aqueous sizing medium at 
about pH 7 to about pH 9. the aqueous sizing medium further comprising a sizing 
agent; and 

(b) drying the treated substrate. 

26. A method of making an Inkjet printing substrate capable of retaining ■ 
indicia formed by Inkjet printing using pigmented ink, the method comprismg 

(a) surface treating the substrate with a composition comprising a 
paper enhancement agent, a sizing agent and a salt selected from the group 
consisting of calcium chloride, magnesium chloride, calcium bromide, magnesium 
bromide, calcium nitrate, magnesium nitrate, calcium acetate and magnesium 
acetate; and 

(b) drying the tireated substrate. 

27. The metiiod of claim 24 or 25 wherein tiie salt is selected from 
calcium chloride, magnesium chloride, calcium bromide, magnesium bromide, 
calcium nitrate, magnesium nitrate, calcium acetate and magnesium acetate. 

28. The metiiod of claim 24 or 25 wherein tiie salt is selected fit>m 
calcium halide and magnesium halide. 

29. The metiiod of any one of claims 24-28 wherein the salt is calcium 
chloride. 

30. The metiiod of any one of claims 24-28 wherein tiie salt is 
magnesium chloride. 
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31. The method of any one of claims 24-30 wherem the carrier agent is 
selected from starch and a binding agent. 

32. The method of claim 3 1 wherein the binding agent is selected from 
polyvinyl alcohol, polyvinylpyrrolidone and polyethyleneimine. 

33 . The method of any one of claims 24-32 wherein the sizing agent is i 
reactive sizing agent. 



34. The method of claim 33 wherein the reactive sizing agent is selected 
from an alkyl ketene dimer, an alkenyl ketene dimer, a 2-oxetanone dimer, a 2- 
oxetanone multimer, and an acid succinic anhydride sizing agent. 

35. The method of claim 34 wherein the reactive sizing agent is an 
alkenyl ketene dimer. 

36. The method of claim 34 wherein the reactive sizuig agent is a 2- 
oxetanone multimer. 

37. The method of any one of claims 24-32 wherein the sizing agent is a 
nonreactive sizing agent. 

38. The method of any one of claims 33-37, wherein the sizing agent 
further comprises a nonreactive sizing agent. 

39. The method of claim 37 or 38 wherein the noixreactive sizing agent 
is a polymer emulsion selected from a cationic polymer emulsion, an amphoteric 
polymer emulsion and mixtures thereof. 

40. The method of claim 39 wherein the polymer of the polymer 
emulsion is made using at least one monomer selected from styrene, a- 
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methylstyrene, acrylate having an ester substituent with 1 to 13 carbon atoms, 
methacrylate having an ester substituent with 1 to 13 carbon atoms, acrylonitriie, 
methacrylonitrile, vinyl acetate, ethylene and butadiene; and optionally comprising 
acrylic acid, methacrylic acid, maieic anhydride, esters of maleic anhydride or 
mixtures thereof, with an acid number less than about 80. 

4L The method of claim 39 wherein the polymer is made using at least 
one monomer selected from styrene, acrylate having an ester substituent Avith 1 to 
13 carbon atoms, methacrylate having an ester substituent with 1 to 13 carbon 
atoms, acrylonitriie and methacrylonitrile. 

42. The method of claim 39 wherein the polymer emulsion is stabilized 
by a stabilizer comprising predominantly degraded starch. 

43. The method of claim 39 wherein the polymer emulsion has a glass 
transition temperature of about -15°C to about 50** C, 

44. The method of claim 37 or 38 wherein the nonreactive sizing agent 
is a dispersed rosin sizing agent. 

45. The method of any one of claims 24-44 wherein the surface treating 
is carried out at a size press. 

46. The method of any one of claims 24-45 wherein the substrate is 
selected from the group consisting of paper and polymeric plastic material. 

47. The method of any one claims 24-46 wherein the surface treating is 
surface sizing using a size press and the substrate is paper comprising fibers that are 
predominantly ceilulosic fibers. 
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48. The method of claim 47 wherein the paper comprises fibers that are 
substantially entirely cellulosic fibers. 



49. The method of claim 46 wherein the substate is polymeric plastic 
material. 

50. The method of any one of claims 24-49 wherein the salt is present in 
an amount of about 0.01% to about 0.4% based on the weight of the dried treated 
substrate. 

5 1 . The method of any one of claims 24-49 wherein the salt is present in 
an amount of about 0.02% to about 0.3% based on the weight of the dried treated 
substrate. 

52. The method of any one of claims 24-49 wherein the salt is present in 
an amount of about 0,05% to about 0.2% based on the weight of the dried treated 
substrate. 

53. The method of any one of claims 24-52 wherein the salt is present in 
the treated substrate in an amount of about 0.01 g/m'^ to about 1 g/m^. 

54. The method of any one of claims 24-52 wherein the salt is present in 
the treated substrate in an amount of about 0.02 g/m^ to about 0.3 g/m^. 

55. The method of any one of claims 24-52 wherein the salt is present in 
the treated substrate in an amount of about 0.03 g/m^ to about 0.2 g/m'^. 

56. The method of any one of claims 24-55 wherein the substrate is 
printing and writing paper having a basis weight of about 60 g/m^ to about 1 00 
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57. The method of any one of claims 24-55 wherein the substrate is 
newsprint having a basis weight of about 40 g/m^ to about 60 g/m^. 

58. The method of any one of claims 24-55 wherein the substrate is kraft 
paper having a basis weight of about 50 g/m^ to about 120 g/m^. 

59. The method of any one of claims 24-55 wherein the substrate is 
white-top liner board having a basis weight of about 120 g/m^ to about 400 g/m^. 

60. Paper made according to the method of any one of claims 24-48 and 

50-59. 

6 1 . Polymeric plastic material made according to the method of any one 
of claims 24-46 and 49-55 . 

62. A printing substrate made according to the method of any one of 
claims 24-61, die printing substrate being capable of carrying indicia formed from 
pigmented ink on the dried treated substrate, such that the indicia will have at least 
one improved ink jet printing characteristic compared to a printing substrate treated 
according to the mediod of any one of claims 24-61 but without the salt. 

63 . The printing substrate of claim 62 wherein the improved ink jet 
printing chararacteristic is at least one selected from the group consisiting of optical 
density, show through, line growth, bleed, edge roughness, wicking and motfle, 

64. The printing substrate of claim 63 wherein the improved ink jet 
printing chararacteristic is optical density. 

65 . The printing substrate of any one of claims 62-64 wherein the 
substrate is paper. 
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66, The printing substrate of claim 65 wherein the paper comprises 
fibers that are predominantly cellulosic fibers. 

67, The printing substrate of claun 66 wherein the paper comprises 
fibers that are substantially entirely cellulosic fibers. 

68, The printing substrate of any one of claims 62-64 wherein the 
substrate is polymeric plastic material. 



69. The printing substrate of any one of clauns 62-68, fiuther comprising 
indicia formed on the substrate fi^om pigmented ink applied to the dried treated 
substate by Inkjet printing. 

70. A method for improving print quality of indicia formed by ink jet 
printing of pigmented ink on a surface treated substrate comprising surface treating 
and drying the substrate according to any one of claims 24-69 and printing the 
pigmented ink onto the dried treated substrate by Inkjet printing to form the indicia. 

71 . Inkjet printed paper made according to the method of claim 70, 
wherein the substrate is paper. 



72. Inkjet printed paper made according to the method of claim 70 
v^^erein the indicia will have at least one improved ink jet printing characteristic 
compared to paper treated according to the method of claim 70 but without the salt, 

73 . The ink jet printed paper of claim 72 wherein the improved ink jet 
printing chararacteristic is at least one selected from the group consisiting of optical 
density, show through, line growth, bleed, edge roughness, wicking and mottle. 

74. The ink jet printed paper according to claim 73 wherein the 
improved Inkjet printing chararacteristic is optical density. 
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75. The paper of any one of claims 22, 60 and 71-74 wherein the paper 
comprises fibers that are predominantly celiulosic fibers. 

76. The paper of claim 75 wherein the p^r comprises fibers that are 
substantially entirely celiulosic fibers. 
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